INTRODUCTION
In studying communities of organisms there may sometimes be a need to compare two communities to determine how similar they are in terms of the pattern of interactions between the species of the communities and the species and the physical variables of the ecosystems. If a model of the changes in abundance of the species of a community with time or distance is applied to another community of essentially the same species in another area, it must first be shown that the structural characteristics of the two sites or communities are similar before the model based on one community can be assumed to be adequate for predicting the abundance changes in the second community. The purpose of this paper is to propose tests for structural similarity and given structural differences to derive empirical measures of the structural differences between the two communities.
Structure is an inclusive definition combining several of the characteristics of a community. Some of these characteristics are :
1. The similarity of the species lists between the two communities. Communities with different species or different numbers of species may automatically be defined as structually different. However, in many cases it may be useful to make exceptions to this rule for species which are taxonomically different but functionally similar. Rare and occasional species should probably be excluded from consideration. time of each species. Even though species may fluctuate greatly in abundance, the species of a stable community usually fluctuate around a constant mean density provided the populations of each species are observed over a long enough period of time.
The many various forms of community classification and ordination usually compare a pair of sites entirely on the basis of a comparison of the two species lists. The first, and to some small extent the third, criterion forms the basis of most studies of community diversity, diversity being defined as the number of species and the relative abundances of each species at a single instant in time. By contrast the structural similarity of two sites or communities in this study will be based on the pattern of interactions occurring in the ecosystem and the overall mean abundances of the species. The purpose of the paper will not only be to derive measures of structural difference, but also to try to relate these measures to actual differences in the underlying patterns of interactions in the two communities.
Specifically we would like to measure the contribution of each species or physical variable to the observed difference in structure between the two communities.
The first criterion of community structure is straightforward, but the latter two need to be tested statistically. The test of characteristic three sometimes depends to some degree on equal covariance matrices. Pragmatically it may be a rare event indeed if the structural pattern of common factors were identical in both communities, and so the last sections of the paper discuss the derivation of empirical measures of the structural differences of the two communities.
A COMPARISON OF TWO COMMUNITIES OF FRUIT FLIES
HUNTER (1966) studied changes with time in the abundances of the species of Drosophila at several sites in Colombia. Two of these sites were a government pine plantation and a city watershed, both near Bogota and nearly adjacent to each other. The six commonnest species of Drosophila were the same at both sites, and these two sites will be designated community one and community two respectively.
Although adjacent to each other and containing essentially the same species of fruit flies, the two habitats are quite different. The pine woods is a government protected pine plantation. The watershed, here termed Aqueduct, is a near-virgin area of tropical montane vegetation. Hunter sampled the species at bait traps monthly from September. 1961 , to December, 1963 , at site one and from November, 1961 December, 1963 at site two so there were a total of 28 observations on community one and 26 observations on community two. In HUNTER's tables the commonness of each species is expressed as its percent frequency of the total number of flies.
Also listed is the total number of traps used, total number of flies caught, and the average number of flies per trap. Because the number of traps at each site changed from month to month, the percentages were changed to number of flies based on the average number per trap rather than the total number of flies. Obviously the transformation from percentage to numbers based on the average number of flies per trap results in rounding error and the loss of any information obtainable on differences between traps. Because the number of flies in each trap is not given, there is no way to check for differences between traps. However, because of spatial heterogeneity and aggregated spatial patterns differences in abundance between traps probably existed. The species counts of the six species were subjected to a log~o (x+l) transformation in an attempt to normalize the variables. The estimated covariance matrices based on the number of flies caught each month for both sites are shown in Table 1 . where N~ is the number of observations on the first community and N2 the number of observations on the second. An approximate test of the null hypothesis of equal covariance matrices is the quantity MC -~ (Box, 1949) .
The quantity MC -~ is where p is the number of variables in each community.
approximately distributed as chi-square with ~-p (p+l) degrees of freedom. This is a large sample statistic and is only an approximation for small samples such as occurred in the two Drosophila communities sampled. Applying the test to the two Drosophila communities' covariance matrices ISI = 3. 5140, ISll =. 1819, and [Sz] = 1.0328. The quantity Me-a=100.5992 with 45 degrees of freedom. The statistic is highly significant, the null hypothesis is rejected, and it is concluded that the two covariance matrices are significantly different.
EQUALITY OF THE MEAN VECTORS
The mean densities of each species in the two communities may be summarized The quantity
has the variance ratio F distribution with p and NI+N2-p-1 degrees of freedom (MoRRISON, 1967) . The decision rule for a test at the 1-a level of probability is to accept the null hypothesis if -~+N~-p-1 ;P"
and reject it otherwise.
Of more interest than the acceptance or rejection of the null hypothesis is the construction of confidence intervals about the two mean differences between the two communities. By utilizing the T 2 statistic simultaneous confidence intervals can be placed about the mean differences in species abundances between the two communities. The construction of these confidence intervals is discussed in MORRISON (1967) and ANDERSON (1958) .
Applying the T 2 test to the two Drosophila communities T~=21.7281 and F= 2.0428. Setting ~ equal to .05 the 95 percent probability value of F with 9 and 44 degrees of freedom is 2.09. Therefore the hypothesis of equal mean vectors is just barely accepted with 95 percent probability. The observed mean differences were (. 2463 -. 0742 . 1112 . 1314 . 0841 -. 4473) = (xl-x2)'. By far the greatest contribution to T ~ is the relatively large difference in log mean abundance of D. viracochi between the two communities.
The T 2 statistic assumes that the two covariance matrices ~'1 and ~'~ are equal.
If the two covariance matrices are not equal, and they probably will not be in most situations, the test of the equality of mean vectors can be greatly biased and misleading. ITO and SCHULL (1964) have investigated the large sample properties of the T 2 statistic given that ~'t and 2"2 are not equal. In general if the sample sizes N1 and N~ are equal, the inequality of the covariance matrices has no effect upon the size of the type I error provided the sample sizes are relatively large.
If N~ :>N2 the true a probability is increasingly larger or smaller than its given value. In the example in this paper N~-28 and N2~26. Because N1 and N2 are almost equal, the T 2 statistic in this case is probably fairly reliable. ANDERSON (1958) discusses this multivariate analogue of the FISHER-BEHRENS problem in more detail.
It might be noted in passing that the quantity D 2= (xl-x~)'S -~ (x~-x~) may be used as a measure of the overall difference in mean vectors between the two communities.
EMPIRICAL MEASURES OF STRUCTURAL SIMILARITY
Because of the perversity of nature the two covariance matrices defining the pattern of interactions in their respective communities will, in all probability, rarely be equal. The question then becomes not are they different but how different are they ? Even if there are significant differences between the two covariance matrices, it may still be possible to extrapolate from one community to the other if the differences are not great. An intuitively appealing measure of structural inequality between the two communities is the statistic MC -1 (Eqs. 1 and 2). indicating that the dispersion of the sample points is far greater in the second community than in the first. In general the smaller the generalized variance, the larger the covariances between the species and hence the greater the dependence between the changes in abundance of the species variables. The statistic M is somewhat analogous to the information statistic used in the information method of plant community classification. Theoretically both communities can have similar generalized variances but different covariance patterns. However, if the patterns of covariances are different in the two communities, the dispersion of sample points in the pooled data will increase and the generalized variance of the pooled data will be increased by the differences in covariance patterns between the two communities. If the covariance matrices of the communities are identical, the value of M is zero, its value increasing as the differences between the two community covariance matrices increases.
In some cases it may be useful to compare two structure difference measures Although MC -~ is a convenient measure of the structural difference between two communities, it does not indicate which species or physical variables of the ecosystems are responsible for the observed differences between the two communities.
One obvious way of determining which variables are responsible for the observed difference is to compare the variances and covariances of the two covariance matrices S~ and $2. However, there are p(p+l)/2 different elements in a covariance matrix.
Each species or physical variable is represented by its variance and covariances with the remaining p-1 variables. In addition the covariances of a variabIe with the remaining p-1 variables are not independent, i.e. the observed covariance between two variables may be, and usually is, determined in part by each variable's covariance with other variables of the ecosystem. Therefore each variable is represented by P measures of its contribution to the overall difference between the structure of the two communities and these p indices are all correlated to one degree or another. If p is large, the problem of too many indices and their interdependence can become overbearing. Therefore we should try to replace these p (p+l)/2 indices by a smaller number of indices such that if it is not possible to represent the contribution of each species to the structural difference observed by a single figure, at least the measures associated with each species should be uncorrelated and arranged in order of lessening importance. In order to derive such indices, the factor analysis model will be used. The parameters a~j are termed the factor loadings and can be represented by the There are an infinite number of solutions to the likelihood equations and an additional constraint is needed to provide a unique solution. In most maximum likelihood factor analysis programs the constraint is the purely mathematical one of making the matrix J=L'U-~L diagonal.
Even though the factors arrived at by the maximum likelihood factor analysis should not be construed as having any direct homologues with actual variables of the ecosystem, they are indicative of the underlying pattern of common ecological factors. Therefore if the factor analysis is carried out on two different correlation matrices and the matrices are similar, the pattern of factor loadings should be similar. The greater the differences between the structural characteristics of the two communities, the greater the differences between the loadings. Three possible determining factors in both ecosystems measured by HUNTER during the two and a half years of the study were the minimum temperature recorded during the month, monthly rainfall, and monthly rainfall lagged four months. Therefore measurements on these three variables (variables three, two, and one of Table 2 ) were included in the analysis along with the six species. The factor loadings for both communities with five common factors are listed in Table 2 .
In both cases three common factors adequately regenerated the correlation matrices as tested by the chi-square test. The five factor matrices were used as measures of structural similarity. However, the higher factors three, four, and five are probably more strongly influenced by random and sampling error than by real Utilizing the factor-loading structures two criteria of similarity between communities can be established. First, are the successive estimated communalities for increasing numbers of common factors similar, and secondly are the estimated factor loadings estimated from both community correlation matrices similar. An examination of variable two in the factor loading matrix for the second community shows that in this community rainfall loads extremely heavily on factor two, i.e..9957.
Because the correlation between factor two and rainfall is so high, rainfall may be regarded for all practical purposes as common factor two in the second community. This is not true of common factor two in the first community where the loading of rainfall is only -.25013. Evidently the importance and response of the species to rainfall is different in the two communities. However, it may be that the difference is merely an artifact of the optimizing constraint used and in fact in this cases probably is (see below). A similar, but less graphic, situation occurs for factor two.
In community two the loadings of minimum temperature on common factor one is very high, -.8668, but less so in the first community. As a purely subjective decision it might be hypothesized that the interactions in the second community are much more dependent on the two physical variables rainfall and minimum temperature than they are in the first community. These are only subjective hypotheses which may be figments of the estimation procedure and in any case would have to be proven experimentally in the field. There is a very large difference in loadings for Drosophila bandeirantorum on the first factor between the two communities.
A comparison of the vectors of communalities leads to essentially the same conclusions. In the first community the communalities are highest for the species, but in the second community the high communalities are associated with the physical variables rainfall and minimum temperature. Again as a subjective hypothesis it may be that in the pine woods the interactions among the species are very strong, but at the aqueduct locality the influence of the physical variables on the species abundances is considerably more important, submerging to some extent the effect of interspecies interaction. However, again the differences in communalities may be due to the estimation procedure and not to true differences between the structural patterns of the two communities. The matrix E represents a matrix of residuals or differences between the matrix AT* and B and provides measures of how closely the two factor structures can be matched. In this way the arbitrariness of J being diagonal is removed and the residuals should indicate the degree to which each variable is responsible for the observd differences in community structure. In factor analysis this type of analysis is termed Procrustes (see HARMAN, 1967) . The transformation matrix T* is solved for by least squares, i, e. by minimizing tr (E'E) so that
The matrix T* is then normalized by columns to yield T*D=T so that diag (T'T) .18898 9 28747
.03645
=I. The matrix AT is then computed which in a loose sense may be regarded as a least squares fit of A to B under the restriction that diag (T'T)-I.
The matrix of interest is E, the discrepancies of the least squares fit of A to B (Table 3) . For the first factor the only really large discrepancy is caused by variable 5, Drosophila bandeirantorum. For factor two, rainfall and D. viracochi have reasonably large residuals. The differences in the remaining three factors are not as clear-cut, but for factor four D. pseudoobscura has quite a large residual 9 Therefore as a tentative set of hypotheses to be proven by subsequent field work it is possible that the major difference between the two communities is the response of Drosophila bandeirantorum to the ecological factors making up common factor one, and of lesser importance a different importance of rainfulI and the response of D. viracochi to the ecological factors represented by common factor two. The supposed major differences in the importance of rainfall and minimum temperature between the two communities are apparently artifacts of the estimation procedure as the differences disappear when the Procrustes transformation is used.
Because three factors adequately regenerated the estimated covariance matrices in both communities, the use of Procrustes residuals has reduced substantially the number of comparisons made from (9)(10)/2=45 to (3)(9)=27. In addition the factors, because they are orthogonal and in order of decreasing importance, greatly simplify the interpretation of the differences between the estimated covariances we have observed.
DISCUSSION
The structure of a community as defined in this paper consists of three fundamental characteristics of an ecosystem; 1) the species of the community, 2) the mean abundances of the species, and 3) the interspecific interactions and the effects have not yet been asked. Perhaps it is a delusion to believe that given the limited amount of data available in studies such as the Drosophila experiment anything more than intuitive hypotheses and empirical results can be derived. However, it should be remembered that even the "limited" amount of data in this study represents hundreds of hours of field work, and conceivably in such complex situations this type of data will be the only information that realistically be gathered.
The factor analysis model has been used to empirically measure the effect of each variable on the overall observed difference between the structual makeup of two communities. In this sense these empirical measures of structural difference are akin to measures of distance in classification problems. Because of the indeterminacy of the factor analysis model, however, inferences, about causality suggested by the factor loadings are purely subjective and should not be assumed to be more than that. Although the factor analysis approach is helpful in unraveling the complex skein of interactions, it does not set the interactions out in a complete and totally comprehensible form. In fact, it probably would be impossible to comprehend such a pattern even if it were discovered because of its very complexity. In the last analysis, however, the true test of the measures will be whether they prove to be useful or not.
SUMMARY
The primary purpose of this paper is to propose empirical measures of the structual differences between two communities of plants or animals composed of the same species. Structure is defined to consist of; 1) the species in the community,
2) the pattern of interactions as represented by the covariance or correlation matrix of successive observations on each species, and 3) the mean abundances of each species in each of the two communities. Statistical tests are proposed for testing whether the covariance matrices and the vectors of mean densities for each community are equal and empirical measures of the differences between the covariance matrices and mean vectors are proposed. Given unequal covariance or correlation matrices the factor analysis model is used to derive empirical measures of the degree to which each variable of the ecosystem is responsible for the observed differences in the pattern of interactions in each community. These tests and measures were applied to data gathered by HUNTER (1966) on the abundances of six species of Drosophila censused monthly over a period of approximately two and a half years in two adjacent, but different habitats near Bogota, Colombia. The two covariance matrices were significantly different indicating different patterns of interactions in the two Drosophila communities.
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